Summary.-Paper-and-pencil tests of Piaget's water-level test were administered to 30 university students. The usual sex difference in favour of men ( n = I S ) was not found. The results are discussed in terms of the effects of test modality and field dependence.
Numerous studies have consistently shown statistically significant differences between men and women on spatial tasks ( 4 ) . Perhaps one of the most striking and perplexing differences is found in the perception of the horizontal surface of still water.
Since the study of Thomas, Jamison, and Hummel ( l o ) , showing that about 50% of college women did not know that the surface of still water remains horizontal and did not readily learn the principle, ocher studies have shown variation in sex differences with age (3), different patterns of correlation of horizontality with spatial abilities for boys and girls ( 9 ) , and significant relationships between horizontality and sex-role orientation (9) .
Another important factor in cognitive tasks is that of test modality. The 'physical' or 'nonphysical' presentation of the water-level task is an important variable (6) and the absence of water reduces sex differences in the perception of horizontality ( 1, 8) .
In the present study the water-level task was presented in a paper-andpencil format, similar to that of Kelly and Kelly ( 5 ) , but w i t h verbal and clock-face cues for orientation, and the effect of this change to a more symbolic modality upon sex differences is examined.
The subjects were 30 university students (15 men and 15 women) chosen nonsystematically. Two separate paper-and-pencil tests were given. The first test (Large, L-test) contained eight "dock faces." Each "face" was a circle, 7-in. in diameter, centered on an 8%-in. X 11-in. sheet of white paper, and %-in. lines on the inside of the circle marked the 12 "hours." In the centre of each circle was a 2-in. X 4%-in. cylinder tilted at different orientations. At the outside of each end were written red (top end) and blue (bottom end). The red end was oriented towards the hours 1, 2, 4, 5, 7, 8, 10, and 11, respectively, on one of the eight faces. The upright and inverted orientations are counterbalanced. Numbers were written for only the single value on each face outside the appropriate marking. On a separate sheet was centered a 2-in. x 4%-in. upright cylinder marked red at the top and blue at the bottom with 'The author acknowledges the help of Joy Delsey, Stephen Galloway, and Sherry McHerron in this study Send requests for reprints to Glendon College, 2275 .Bayview Avenue, Toronto, Canada M4N 3M6. a horizontal line drawn through the middle, the lower part shaded and labelled "water."
The second test (Small, S-test) contained eight faces, 1%-in. in diameter, a cylinder 7/16 in. x 13/16 in., 1/8-in. markings for each hour, and numbers written for each of the 12 hours at the inside end of the markings. The eight faces were aligned in two rows of four faces to the right of an 8%-in x 11-in. sheet of white paper with 4% in. between the centre of the top and bottom circles, each circle 1% in. from the top and approximately 1/16 in. apart with the extreme right-hand circles touching the edge of the paper. The cylinders were oriented as in the first test but in the order 1, 2, 11, 10 above and 7, 8, 5, 4 below, with the red end towards the number. The set of inverted orientations follow the set of upright orientations. In the left-hand margin of the paper of the Stest was centered a 2-in. X 4-in. upright cyclinder marked red at the top and blue on the bottom with a horizontal line drawn through the middle, the lower part shaded and labelled "water."
The tests ( L and S ) were administered individually and the order determined by flipping a coin for each subject. No record was kept of the order of the tests for some of the subjects.
For the L-test the subject was told that the upright bottle on the separate sheet was half full of water and was attached to the clock face. The red end was the top of the bottle. "For each clock face the cylinder has been tilted, and you are to draw a line to show the level of the water and shade the portion where the water is." For the Stest the upright qlinder was described as the model.
The angle of each water Iwel estimate was measured from the horizontal and values over 90" indicate an inversion of the water in the qlinder.
RESULTS
With few exceptions the subjects drew the lines straight across the cylinder and measurement of the angle presenred no difficulties. In the few cases in which the line did not intercept both sides the angle was measured along the straightest section of the line.
The distributions of mean error over eight trials for both the L-and Stests were positively skewed. The median and range values for mean error for each subgroup of trials are shown in Table 1 . Nonparametric statistical analyses were applied in all comparisons. errors compared with 6 of 15 women. In the paper-and-pencil format used by Kelly, et al. ( 5 ) the difference between men and women was reduced. In the present task the additional context of clock face and labelling of the top and the bottom eliminated the sex differences. Possibly, in the symbolic form, men become more field dependent, a variable highly correlated with the water-level task for boys ( 9 ) . The Wilcoxon tests showed that neither men nor women improved with repeated trials or performed better with upright than with inverted orientations under the two conditions of presentation. Even with repeated exposures there is no self-discovery of the principle, a result consistent with that of Thomas, et al. (10) . Some of the subjects, both men and women, who were decidedly poor, had greater errors on the inverted than on the upright orientations, suggesting that field dependency was a determinant in some cases ( 1 ) .
In the absence of the information on the order of presentation of the L-and S-tests it is difficult to interpret the difference in the correlations between the men and the women. It is possible that there was a greater directianal effect with the women given the order of the tests.
In line with recent analyses to account for sexual differences in spatial reasoning ability, it is more profitable to look at the multiplicity of factors such as hormonal, neurological (7, l l ) , and sex-role (9) development than seeking a simple sexual dichotomy. Test modality is obviously another important factor.
Finally, although the paper-and-pencil format does not show the great disparity between men and women performance found by Thomas, et al. ( l o ) , it does identify individuals with poor spatial reasoning ability in a symbolic, nonphysical context. Alternative group methods of testing Piagetian concepts are being developed ( 2 ) .
